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PENILE characters have been useful in studies of bat taxonomy (e.g., Chimimba and Kitchener 1991; Thomas et al. 1994; Benda and Tsytsulina 2000; Cotterill 2002 ; but see Harrison and Brownlow 1978) , particularly for diagnosing morphologically similar species such as the Australian species of Eptesicus (= Vespadelus) (Kitchener et al. 1987; Parnaby 1992 ). Hill's (1963) revision of the genus Hipposideros and his review of other genera in the Hipposideridae (Hill 1982) did not consider penile morphology, instead using skeletal, noseleaf, ear and other external characters to diagnose genera and species. Later studies of hipposiderid taxonomy have used penile characters to complement species or even subspecies diagnoses. Baculum morphology is known to be particularly variable in species of Hipposideros that are otherwise morphologically similar (at least on a gross scale; e.g., Zubaid and Davison 1987) . For example, Kitchener and Maryanto (1993) examined the Hipposideros larvatus species complex and were able to separate a selection of species in the group using characters from either the glans penis or the baculum. Variation in penis morphology was also observed among subspecies of the H. bicolor group (between H. b. atrox, H. b. selatan and H. b. hilli; Kitchener et al. 1996) , although these characters could not be used for subspecies diagnoses in isolation from other characters.
The present study was undertaken in conjunction with that of a more comprehensive morphometric comparison (Armstrong 2002) among allopatric populations of the orange leaf-nosed bat (Rhinonicteris aurantius). The glans penis and baculum of seven specimens from three regions were examined briefly as possible indicators of differences in reproductive behaviour between populations and thus reproductive isolation. This study is presented as a description, with a discussion and short review on the implications of the shape of the genitalia.
METHODS
The penis was removed from seven museum specimens: two each from the Pilbara (accession numbers M44921, M50684) and Kimberley (M15917, M46704) and three from the Northern Territory (M18620, U0889, plus one uncatalogued specimen from Tolmer Falls). Two specimens (M44921, U0889) were dehydrated through graded ethanol and critical point dried. Dried specimens of the glans penis were mounted on aluminium stubs, sputter coated with gold-palladium and viewed with a Philips 505 Scanning Electron Microscope (SEM) at an accelerating voltage of 15.0 kV. The bacula were subsequently dissected, remounted and viewed under the SEM.
The remaining five specimens were examined under an Olympus SZ40 dissecting microscope at magnifications of up to 80x. A small amount of Indian ink was added to improve the contrast of the surface features. The morphological features of the glans were compared to those in the images obtained from the SEM. In the examination of the bacula, damage to the glans was avoided by x-raying the detached penis' using a Stanford 90-30 machine for 36 s at 185 V and 55 kVP. Baculum shape was then observed from the radiograph and compared to those in the images obtained from the SEM.
RESULTS
Little difference in the external morphology of the glans penis was observed between the two specimens examined under the SEM. In both cases, the glans penis was of similar size (c. 3 mm in length) and rodshaped: dorso-ventrally flattened, of similar width along the entire length, with the distal tip blunt and not expanded, and dorsal and ventral surfaces had several shallow grooves (Fig. 1) . The glans was covered with proximally recurved spike-like epithelial projections on all surfaces ( Fig. 2A) . These projections were probably keratinous, and their outer surfaces detached from the penis intact when the specimen was placed in a solution of 20 mg/mL proteinase K. The urethral aperture was a terminal, transverse slit between a medial lobe on each of the dorsal and ventral surfaces. Three pairs of smaller lobes or folds (one pair associated with the dorsal median lobe and two pairs with the ventral median lobe) were situated on the latero-dorsal surface just proximal to the aperture (Fig. 2B) . The baculum was c. 2 mm in length, dart-shaped, with an expanded proximal base, a long narrow shaft and a simple distal tip. The lateral profile of the baculum was essentially flat (Fig. 3 ).
The shape of the glans' examined under the microscope, and that of the bacula observed from the x-rays did not differ significantly from the images obtained from the SEM. The number and arrangement of lobes present on the glans was equal, there was no distal inflation and the baculum was dart-shaped. 
DISCUSSION
Both the glans penis and the baculum of the seven specimens were relatively similar in size and shape. Obviously, observations derived from such a small sample size cannot be used as a basis for making conclusions about divergence between allopatric populations of R. aurantius. Such a study might become feasible if further specimens become available from the Pilbara. However, since major differences were not observed among the regions, it is predicted that penile characters would be of limited use as taxonomic markers below the species level, and a more comprehensive description of intraspecific variation does not appear to be required.
Despite suggestions from other studies that there can be considerable intraspecific variation in bacular shape (e.g., Harrison and Brownlow 1978; Khajuria 1982) , the examination of a larger sample from the outset could not be justified. A relatively large sample size would be needed to describe confidently the variation that could occur within a population, and more importantly, to be confident that any pattern seen is not just due to artifacts in preserved material (Khajuria 1982 noted that the external characters of the penis were distorted in preserved specimens). R. aurantius is a relatively rare species and material available for the study was in limited supply (especially from the Pilbara) and it would not have been appropriate to capture live specimens. The procedure for obtaining the baculum results in the destruction of the glans penis, which would reduce considerably the availability of male specimens in museum collections for any future examination of male genitalia. While reproductive morphology in R. aurantius has been studied previously (Churchill 1995) , the present study could not justify the use of specimens in isolation from other work. Observations of the structure of the penis might be more useful for revealing aspects of the mating system and social organisation of this species, which is predicted to be similar in the allopatric populations.
The most striking features of the glans penis were the backwardly-directed spikes ('copulatory spikes' as described by Khajuria 1982) . While this feature has not been noted in the literature on R. aurantius previously (Churchill 1995) , it is consistent with other members of the family Hipposideridae. For example, spikes were present in all subspecies of H. bicolor (Kitchener et al. 1996) , and noted in H. f. fulvus (Murthy 1980; Khajuria 1982) and H. durgadasi (Khajuria 1982) . Interestingly, Rhinolophus lepidus, in the closely-related family Rhinolophidae, did not exhibit these spikes (Khajuria 1982) . They are, however, present in some other nonRhinolophoid families (e.g., the Molossidae; Ryan 1991a, b) and exhibit intergeneric (but limited intraspecific) variation that is useful in taxonomic investigations. Murthy (1980) describes these spikes erroneously as "chitinous … denticles". They are more likely to be composed of keratin protein, similar to other epidermally derived tissue in mammals.
The function of the spikes has not been investigated in bats, although Ryan (1991a) provides some discussion. In other groups, they may have several functional adaptations. The duck Oxyura vittata has an exceptionally long penis that is covered in spines towards its base. The function of the sharp spines at the proximal end was thought to be for clasping the female, with the brush-like spines further along for removing sperm from other males (McCracken 2000) . This is reminiscent of the spiny penis of odonate insects, which is also thought to be for removing the sperm of rival males (e.g., Waage 1979; Miller 1991 Miller , 1995 . The rodent genus Ctenomys displays a remarkable range of spiny structures: external spines that cover the glans, as well as spikes and other smaller spines that are associated with or cover the intromittant sac (= sacculus urethralis) (Alunta and Lessa 1985) . Other rodents also exhibit spikes and hard structures such as rasps and multi-toothed spines (Hooper 1961) . The function of these is not fully understood, but it has been suggested that the spikes might provide important stimuli during copulation (Spotorno 1979 cited in Alunta and Lessa 1985) . Glans accessories in pitheciine monkeys, together with penile shape and curvature, facilitate coupling of the meatus with the cervix to direct sperm into the uterus. In these monkeys, the penile spines are small, however those species that lack a baculum have hooked penile spines (Hershkovitz 1993). The baculum is thought to facilitate sperm transfer in some species (Hosken et al. 2001; Larvière and Ferguson 2002) , and this function might be achieved by the penile spines in the absence of a baculum.
There are several possible explanations for the spikes in R. aurantius: they might be an adaptation to ensure that intromission is sufficiently long enough for sperm transfer (a 'holdfast' mechanism; present in species with prolonged copulatory periods; Aronson and Cooper 1967; Horner and Taylor 1968, both cited in Ryan 1991a); they could assist in the removal of vaginal plugs (Sachs et al. 1984; Krutzsch and Crichton 1987) ; control the hormonal state of the female (Sachs et al. 1984) ; or the spikes might even function to stimulate the female to produce a plug in response to irritation. In murids, penile spines become large and erect due to hormonal control (Sachs et al. 1984 cited in Ryan 1991a . This observation prompted Ryan (1991a) to suggest that spines perform a similar function to the highly vascularised prepuce in vespertilionids. In these bats, enlargement of the prepuce functions in coital locking in a similar fashion as the bulbis glandis of dogs (Wimsatt and Kallen 1952; Evans and Christensen 1979, both cited in Ryan 1991a).
It has been described previously that R. aurantius roost individually (12 cm apart; Jolly 1988) and that other species of hipposiderid maintain roost hierarchies with individuals defending small, strategic plots on the cave ceiling (e.g., H. speoris; Selvanayagam and Marimutha 1984) . The presence of spikes therefore suggests that strategies for ensuring paternity such as mate guarding may not occur in these species. The possibility of sperm competition might be excluded in R. aurantius since they do not store sperm, the reproductive cycles of males and females are synchronised and insemination occurs soon after spermatogenesis (Churchill 1995). Sperm storage occurs in H. speoris (Gopalakrishna and Bhatia 1980) , but in this species the timing of the reproductive cycles of both sexes is not synchronised, and this species is not typical of the family. Copulatory plugs were not reported in R. aurantius by Churchill (1995) , but the possibility of plug production in this species might need to be investigated further. The production of a plug might be the only way a male could ensure paternity if the strategies of mate guarding, extended copulation periods and sperm competition are not part of the reproductive strategy of R. aurantius. However, if males produced the plug (e.g., as in some species of Vespadelus; Tidemann 1993), then the penile spikes might not be important for stimulating the production of a plug by the female. The presence of spines is regarded as primitive in bats (Ryan 1991a), but the plesiomorphic state of such a character might not necessarily exclude the possibility of complex social interactions.
The shape of the baculum is extremely variable in the genus Hipposideros (especially compared to other families of bats), with two major evolutionary trends apparent in this variation: one towards the reduction of the baculum, and the second towards the development of the terminal fork (Zubaid and Davison 1987) . It is obvious in many cases that baculum shape controls the shape of the glans. For example, the bifurcate distal tip of the baculum is accompanied by distal inflation of the glans in H. bicolor (Kitchener et al. 1996) , and the U-shaped bacula (a more extreme form of the bifurcate condition) seen in the H. larvatus species complex (as reappraised by Kitchener and Maryanto 1993) and H. d. diadema (Kitchener et al. 1992) correspond very well to the structure of the distal glans, which comprise two abruptly terminating lobes either side of the urethral slit. Kitchener et al. (1992) stated that the baculum was in the shape of a "tuning fork" and that the "distal arms support lips of the urethral groove". The relationship between bacular and glans shape is not quite as obvious in the Australian Vespadelus, some of which have a very bulbous glans. However in association with the most bulbous forms, the baculum is either slightly expanded distally, or the baculum is short and stubby (see Kitchener et al. 1987) . The variable penile morphology of Vespadelus spp. has suggested reproductive isolation between species, but penile form has not been considered in conjunction with differences in mating strategy and social organisation that may serve to isolate species. In contrast to the examples above, the rod-shaped glans penis of R. aurantius appears to require only a dart shaped baculum for support and appears similar to the Rhinolophidae (Csorba et al. 2003) .
In a survey of many bat species, Hosken et al. (2001) found that baculum length was not involved in increased risk of sperm competition or sexual selection intensity, concluding that the tremendous variation in baculum size across bats remains to be explained. According to Larvière and Ferguson (2002) the functional basis for variation in baculum shape is also still not well understood, but I suggest that it is simply responsible for the shape of the glans, which is then important in mating strategies. The present study notes that glans shape and accessories such as spikes need further explanation in the context of mating strategy. The results of investigations on more common species might be applied to those that are rarer such as R. aurantius. 
